Many of the diets given to ruminants contain more protein than is required to meet the protein needs of maintenance and growth. Thus cattle fattening on very highquality pasture receive on occasions nearly five times as much protein as they need as a source of amino acids. I n winter, larger amounts of nitrogen are usually given than minimal requirements dictate because the appetite for diets low but adequate in N content is usually poor. Rations containing an excess of N are more readily eaten.
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the experiment. The ration was calculated to provide sufficient energy to allow some gain of energy by the body, and to supply an excess of N. The N supplied by this basal ration was estimated to be twice the animal's minimal need. Treatment. Each sheep was confined in a respiration chamber and was given its standard ration. At the same time either 2 l./24 h of a dilute salt solution containing 6 g NaC1, 0.4 g KCl, 0.2 g MgCl,, 0-2 g CaC1, and 0.45 g NaH,PO,.zH,O per 1. (Armstrong & Blaxter, 1957) or a solution of casein in this saline was infused into the gut. When more than 17 g casein were given daily the volume of the infusion was increased to 3 l./24 h. All infusions continued for at least 7 days. The periods when infusions of saline were given are termed control periods and were repeated at intervals, three to four determinations being made with each animal. To sheep B and P, which were fitted with rumen cannulas, casein was given on two and four occasions respectively. Sheep F and E which were fitted with abomasal cannulas were each given casein on three occasions. Six sets of observations with casein were thus made with each type of preparation. The amount of casein varied from 15 to 3 I g N for the sheep with rumen cannulas and from I I to 26 g N for those given it by abomasal infusion. In any one 7-day period the amount given each day was constant.
Casein. The casein used was a commercial preparation, Casumen (C. and G.
Prideaux Ltd, Evercreech, Somerset). It was an acid, light casein which dissolved in saline to give an opalescent solution with a grey tinge. Its N content on a dry basis was 14*8-149% and on a dry, ash-free basis it was 15-15.60/. Its calorific value on a dry, ash-free basis varied from 5.985 to 5.992 kcal/g in different batches. Calorimetric methods. The apparatus used to determine 0, consumption and CO, and CH, production was that of and the general technique was similar to that described by Armstrong & Blaxter (1957) . Metabolism of C, N and energy was measured on 5 consecutive days in each period, and computations of the energy retained were made both from the C and N retentions and from calorimetric determinations on food and excreta and heat production calculated from the respiratory exchange. Urine was collected by aspiration into dilute acid. The small pump used sucked air continuously through a urine funnel attached to the sheep. Any volatile ammonia in this air stream was collected in pumice moistened with conc. sulphuric acid.
Chemical methods. The methods for determination of C, N and calorific values in food and excreta were those of . Analyses of urine were made daily. Faeces were pooled for 6 days and samples of the pooled faeces were analysed. Analyses of foods were made on samples taken when the rations for the whole experiment were weighed. In urine, ammonia and urea were estimated by the methods of Van Slyke & Cullen (1914) , creatine and creatinine by the Jaffe reaction (Bonsnes & Taussky, 1945) , hippuric acid by the method of Hampton (1948) and allantoin by the method of Young & Conway (1942) .
In blood, ammonia was determined by Conway's (1947) micro-diffusion method and urea by the urease method of Van Slyke & Cullen (1914) .
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R E S U L T S
Utilization of the basal ration. Table I summarizes the results of measurements of the N and energy metabolism of the sheep when the basal ration was given. The results are the mean for four experiments each lasting 5 days for sheep B, F and E, but of two only for sheep P. During the final control period of the experiment with this sheep, heat production, methane production and the amount of urinary N were markedly increased over initial values. No explanation for this change in metabolism was found, but an infection was suspected.
All the sheep digested the N of the basal ration equally well, and the metabolizability of the gross energy of the rations was the same in them all. Both N retention and energy retention were positive in all the sheep, some variation being apparent from sheep to sheep. The conditions for measuring the utilization of protein as a source of energy were, therefore, met. The sheep were all storing energy and protein and the high urinary N showed that amino acids were being absorbed from the diet in excess of bodily needs for synthesis of protein. Apparent digestibility of the casein supplements. The apparent digestibility of the casein supplements was assessed from measurements of the increases above control periods in the amounts of N, C and energy excreted in the faeces when casein was infused. The mean results are given in given by abomasal infusion did not increase the output of faecal N whereas that given by rumen infusion did, some 6 yo appearing in the faeces. The odds that the apparent digestibility in this instance was not 100% were IZ:I. Measurements of the apparent digestibility of the energy of the casein supplements showed that, when they were given by infusion into the rumen, 90.1 5 6.1 kcal/Ioo kcal casein were apparently digested. When casein was given by abomasal infusion, the mean value was 99.7 f 5.8 kcal/Ioo kcal casein. These coefficients of apparent digestibility for the energy of the casein do not differ significantly from those for the N of the casein and again indicate that when given by infusion into the rumen casein was absorbed less completely than when given by abomasal infusion. + Standard error of mean.
Methane production. The increases in methane production observed when casein was infused are summarized in Table 3 . When casein was infused into the abomasum there were slight increases in methane production in some experiments and slight falls in others. The mean value of 0.6 & 0.92 kcal CH,/IOO kcal casein given indicates no significant fermentation of the supplement. When casein was given by infusion into the rumen, however, methane production increased by 7.63 1.16 kcal CH,/ IOO kcal casein given. As can be seen by comparison with the results shown in Table I , this value did not differ significantly from the mean rate of methane production from the basal ration, namely 6-12 & 0.17 kcal CH,/IOO kcal. It appears, therefore, that casein given by infusion into the rumen resulted in an increase in the fermentative loss of methane.
Excretion of N , C and energy in urine. The percentage of the N of the supplementary casein that appeared in urine was calculated from the increases in the N content of urine above those found when the basal ration was given. The results are summarized Vol. 16 Utilization of protein in sheep 401 in Table 4 , and they show that 83 yo of the casein N given was excreted in the urine of the sheep given casein by rumenal infusion and 86 yo by the sheep given it by abomasal infusion, the difference not being significant. The number of calories excreted in the urine when casein was infused into the rumen was, however, greater than when casein was infused into the abomasum, as shown by the higher incremental ratios of energy to N in the last column of Table 4 . The increases in the calorific value of the urine/g increase in carbon content were, however, the same for both routes of administration. Composition of the urine. The increases in the excretion of N-containing compounds in urine when casein was given are shown in Table 6 . Most of the additional N was excreted as urea and ammonia in all experiments, but a greater proportion was The values are the increments in the excretion of the compounds which occurred when casein was infused.
They are expressed as percentages of the corresponding increments in total N excreted.
excreted as ammonia by the sheep given casein by rumen infusion. This finding suggests a difference in metabolism associated with bacterial fermentation in the rumen, but the possibility of formation of ammonia from urea after the urine had been excreted cannot, however, be excluded. There was an indication that more allantoin N and more hippuric acid N was excreted when the casein was infused into Vol. 16
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the rumen. This would be consistent with bacterial fermentation of the casein and would account for the higher calorific value/g N of urine from sheep given casein by rumen infusion. The amounts of N involved were, however, small. The recovery of the N infused in terms of known compounds containing N was 92-1')(~ for sheep given casein by rumen infusion and 91.5% for sheep given it by abomasal infusion. Metabolizable energy. The lower digestibility of casein given by rumen infusion, the larger amounts of methane produced and the higher calorific value of the urine/g N excreted all point to a lower metabolizable energy value of casein when given by infusion into the rumen compared with infusion into the abomasum. The individual results are given in Table 7 . The metabolizable energy as a percentage of the energy of the casein was 62.5 when casein was given by rumen infusion and 87-3 when given by abomasal infusion. Energy retention. Energy retention was estimated in two ways, first from the heat of combustion of the excreta and methane and the heat production determined from oxygen consumption and the non-protein respiratory quotient, and secondly from simultaneous determinations of the retention of C and N in the body, the factors of Blaxter & Rook (1953) being used. The increases in energy retention which occurred when casein was infused, determined in both ways, are given in Table 7 . The mean values are plotted in Fig. I against the calorific value of the casein infused, and it is clear that the energy of casein given by abomasal infusion was used more efficiently than that of casein given by infusion into the rumen.
Part of this difference was due to the lower proportion of the energy of the casein that was metabolizable, and in Fig. 2 the energy retained from casein is plotted against the metabolizable energy of the supplements. The results indicate that the metabolizable energy of casein given by abomasal infusion was more efficiently used to promote synthesis of energy-containing materials in the body than was the meta-bolizable energy of casein given by infusion into the rumen. The difference was not so marked as when the comparison was made in terms of the heat of combustion of the casein infused.
Analysis of variance of the net availabilities of the metabolizable energy of the casein 
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showed that, whether the test of significance was based on between-animal variation or within-animal variation, the difference in utilization of the casein by the two routes was significant (0.05 > P > 0.01). The mean values were 50.2+3*2 and 64-7+
3.2 kcal net energy/Ioo kcal metabolizable energy, the errors representing the pooled within-and between-animal variations. Increases in the retention of the N by the sheep occurred when casein was given by either route, and the mean daily amount retained was I O . I~~ of the N of the casein given for the sheep receiving casein by rumen infusion and 16.2% for those given it by infusion into the abomasum. On the assumption that the whole of the N was retained as protein, it accounted for between 20 and 29% of the total energy retained when infused into the rumen and abomasum respectively. The retention of 20-30 yo of the energy of supplementary food as protein and conversely 70-80 yo as fat by adult sheep is similar to the results obtained when volatile fatty acids were given as a supplementary source of energy to sheep (Armstrong, Blaxter, Graham & Wainman, 1958) .
D I S C U S S I O N
It was shown by Chalmers, Cuthbertson & Synge (1954) that when sheep subsisting on low-protein diets were given casein by duodenal infusion they retained more N and excreted less N in the urine than when they were given casein by rumen infusion. I n their experiments, the value of casein as a source of amino acids was measured. I n the experiments reported here the value of casein as an energy source for synthesis of body fat was considered by ensuring that an excess of N was supplied by the basal ration. The results in Table I show that this condition was met.
The results obtained when casein was infused into the rumen may be compared with those found in the two sets of experiments in which ruminants have been given protein supplements by mouth. Our results show that the apparent digestibility of casein given by slow infusion into the rumen was 90%. This value is in agreement with that of 86% found by Keller & Kohler (1905) with steers given wheat gluten, and that of 93.5% found by Heim (1956) with sheep given a mixture of casein, egg albumen and wheat gluten. The loss of energy as methane on infusion of casein, amounting to 7.6 kcal/Ioo kcal casein, was higher than the values of 1'5-5.3 kcal/ IOO kcal protein found in Heim's experiments. Kellner & Kohler stated that their protein supplement had no effect on methane production. The loss of energy in urine as shown in Table 5 The results of our experiments suggest very strongly that the lower nutritive value of protein as an energy source for lipogenesis in ruminants compared with nonruminants is the result of fermentative changes involving protein which occur in the rumen. They are not due to a difference between these two classes of animal in their ability to obtain free energy by dissimilation of the amino acids which they absorb. The lower apparent digestibility of the casein given by infusion into the rumen compared with that given by abomasal infusion, can be explained by an increase in bacterial growth in the rumen after infusion of soluble protein supplements and by an incomplete hydrolysis of the N-containing compounds of bacteria in parts of the gut distal to the rumen. From the increase in allantoin and hippurate excretion when casein was given by rumen infusion, it can be inferred that some bacterial hydrolysis occurred. Such inferences are in accord with many observations that soluble proteins such as casein when given to ruminants are largely hydrolysed in the rumen and from a proportion of the products of hydrolysis bacterial protein is synthesized, to be digested lower in the tract. This aspect has been reviewed by Annison i k Lewis (1959) and by Chalmers (1961) .
S U M M A R Y
I. The utilization of the energy of casein when given to sheep by infusion into the rumen has been compared with its utilization when given by infusion into the abomasum.
2. Four sheep, two fitted with abomasal cannulas and two with rumenal cannulas, were given a constant ration of dried grass sufficient to maintain them in positive energy and nitrogen balance. Energy metabolism was measured during periods when saline was infused into the rumen or abomasum and during periods when a casein solution was infused.
3. The net energy of casein for fat production (kcal/Ioo kcal given) was 31.1 3.6 after infusion into the rumen and 56.7 k 3.6 after abomasal infusion. 4. When infused into the rumen casein had a lower digestibility and caused a greater loss of energy as CH, and in urine than when it was infused into the abomasum.
5.
The net availability of the metabolizable energy of casein was 50.2 s 3.2 when given by rumenal infusion and 64.7 rt 3.2 when given by abomasal infusion.
6. Slightly more of the casein N was excreted in the urine as allantoin and hippuric acid after infusion into the rumen than after abomasal infusion. The difference was not statistically significant.
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7.
The results obtained are compared with those observed in simple-stomached animals and ruminants given protein by mouth, and the effect of fermentation of protein in the rumen on the utilization of casein energy is discussed. It is concluded that the low utilization of the energy of protein by ruminants can be explained by the fermentation processes in the rumen.
